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ABSTRACT 


Experiraent'&  ware  carried;  out  to  investigate  the  phenorcnoH  cross- 
prstectlon  among  ’7enezuelar( 'canine  encephalomyelitis  (VEE),  Eastern  equine 
enc'bphaiomyellcia  (£EE)  and  Se®liV.i  Forest  (SF)  viruses  In,  a  variety  of  ' 
laboratory  animalvS  after  tcimunization  by  the  intrapetitone'alr  subcutaneour, , 
or  re  spit  at  or  y  route;  the.  last  var  effected  by  expoaing  the  animals  to 
aerosola^of  Virus.  One  injection  of  an  attenuj»t,ed  .straTp  of  (9t)  pro¬ 
tected  guinea  pigs  against  a  lethal  challenge  dose  of  EEE  virus  in 

guinea  pigs  ^nd  mice,  respectively.  Two  injections  of  live  SF  virus 
protected  guine^  pigs  against  small  doses  pf  VEE  or  EEE  virus*  Mice  vacci¬ 
nated  wtbb  If^ppondcd  by  demonstrating  resistance  mechantsiM  that  ap- 
paared  tc  ojxratevtn  seriea.  This  cbnalsted- of ,  firat,,^  an  ear^ly"  nonspecific 
inter ferehce  phaae,  followed  by  a  second^  specific  phase.  The  second 
phase  slab  ^included  a  ^rtially  apeulfic  aechahism  of  resistance  of  un-  . 
knovni  orlgTn  and  of  relatively  Icfng  duration,  mahifeated  aa  cross -protection 
in  the  grcmp  A  viruliea.  s  ""  1'-  \ 
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I.  lOTROPUC-TION 


An  fittenuat^d  strain  of  Venezuelan  equine  encephalomyelitis  (\p£)  viruM 
was  recently  isolated  and  describgd When  this  strain  (9t)  was  "Used  as  an 
itrjmunizing  agent;  it  was  found  to.  induce  not  only  a  solid  resistance  in 
laboratory  anitnals  against  a  challenge  with  honKrlogous  virulent  strains  luit 
aldo  an  inmunlty  against  the  heterologous  JSdstarn  equine  encephalomyelitis 
(EEE)  virus  to  a;;cubstanti'al  degree^®"^  The  latter  occurred  wifehpat  evt’ 
{fence  of  croas'neutralizing  antibody.*  In  this  report,  further  investigar 
tions  designed  to  characterize^ the  cross -protect ive  phenomenon,  are  de- 
sprib'ied.  Attention  was  given  to  the  ttoe.of  onset,  the  level,  and  the 
persistence  of  the  acquired  homologous  and  heterologoue  imtBunity. 


A.  vnEus  STRAINS  -  ’  '  ■;  v  •  o  »  ' "■  „ 

C>  .J  ^  O  ,  . 

o  ‘  "  .  '  JL. 

‘  o  A'  .  ■  ■  *  ^  -  = 

The  Jt jEenueted  VEE  virus,  9t,,  used  to  in^nlze  mice,  guinea^  ^gs,  or 
rhesus  aonkeys,  the  virulent  VEE  seeds  designated  PES^  and  CB^  an4,\  the'pEEE 
virus  saads  hava  beenA**^^^^***  elsewhere.'^*®  Seolllrl  y?Fe*t  (SF)  "ylrus* 
was '’obtalTMd  frosrDr.^W.P.  Allen  of  thla  laboratory. 


j.  vnius__pMfflj2ATiei®  " 

)i  "  J'  ■  A 

Twelve-  to  fourteen -gt'a*  *lce  and  200-  to  300i;^am  guinea  pigii  were  jl 
Injected  with  10^*^  MIClDjo  ot  9t  by  the -intrant  ttbnea  I  (IfJ  or  sub-* 
cutanaous  (SC)  route.  .Mice  received  jaa^nuaT  dqsefs  of  10  ^  •  and  guinea  . 
piga  .10^‘^  KICID50  of  9t  by  the  respiratory  route,  using  a  oethod  de^-^^  , 
scribed  pt'eviousiy.^  Monkgyr  received  10^"^  MIC12)50  of by  the- 
„cXetpiratdry  route  In  manner.  InBunlzatlons  with  EER  apd  SP  „ 

viruses  #ere  csrried“6ut  by  injecting  approximately  lO^  ^and  lO^’? 
of  aach°  strain,  respect IVeLy,  by  the  IP  route.  «  .  . 


C.  VIRUS  CHALLENGES 

Challenge  doses  of  virus  wfre  administered  to. immunized  guinea  plgs^ 
2 1  Ad  2  5  days  post-irarainizatioh.  Eight  additional  days  were  allowed  l-h 

iiiatuncao  In  t^hich  a  liovond  challungo  wdo  umployod.  Gontrola  conslstted 
of  unlTuEuniEed  animals  that  casa  from  the  scu'e  j'l'oQp-sa-  thoso  tiiat  wore 

ioDuntred.  The  numbef  of  MICID^q  In  each  challenge,  was  selected  to 


*  This  strain,  Sen  I  KB,  was.  obtained  throqgh.the  courtesy  of  Dts.  H»M. 

ysweil  ^ _ 

brain  pfeparaclon.  It  hed  received  three  additional  brairj. passages  in 
this  laboratory  prior  to  use.  : 


demonstrate  the  or  neai’-tiaxiffinta  dose  that^could  be  withstODc?  after 

irsrsihiaatiori,  except  for  the  challenge  dose  of  10^ ‘  of  CSS  given 

by  the  intracerebral  ^IG)  route  to  monkeys  that  were  itnnuniJied  by  9t  aerosol 
Virus  challenges  wer^,  carried  out  in  alee  istnunized  with  9t  by  titrating 
PES,  EES,  or' vaccina  virus  (Dfl)  strain)  at  various  intervals.  Challenges 
With  vacctnti'  yifuS  wore  given  only  by  the  IC  route.  PE3  and  SSe  viruses 
were  ado(ni«lered  by  either  the  '-fC;  or  IB  route.  All  aerosol  exposures  wefcv-, 
carried  out  in  a  modified  “^iender son  Apparatus  as  described  previously.^ 


.  III.  RESULTS 

O 

"'U  . 

A.  RESPONSE  IK  , IKEA  PICS  TO  VEE,  EEE,  Oil  S?  VlIUS  ,  " 

The  data  in  IT  (lines  I- And  2)  ravaal  that  n^aal  guinea  pigs'^ 

^  vara  highly  auac^iptibla"  to  Ihfaetlosa  ifith  tha^virulant  VBE  ^irus  strain 
;  adalnlatarad  aitijar  byJihjfcfetOT  or  by  axposur.a  to  aerosols'’.  Sfyaptoisa"  in 
"^inaa  piga  incivdsd  a  labrlla  raaponaa  wit'hin''  lS^  td'^A  hours,- ,.follpwad  .b^ 
^rosi;r*^pn  ind  di°ath  wi  thin  savirfl^aya.  ^  OtA  hundrad  JilCU>5g  givan°'by  ^  ° 
tha^  or  8C  rbutjil  wai  aufflclant  to  alicit.,a  typical  rasp>pnaa.  T^aj^<^v> 
rasponaa  to  BE  ^i||rus  on  11^  3  dif  farad,  "howayar,  in  that  lO^  M^O!^^  «rera 
naeassary^  fd  Induda^^a  tatar  illnaatj,  wtvieh  was  pracadad  in  tha 
casas°b,y  a  dl^sjlle  taiparatura  raaponaa;  thsi  paaka  occutrad  1it. ^4  to  4S 
hours  and;again  bitwaan  72"  ai^^20  higirs.  |n  eontraat  to  tha  aquiha  V 
aneapftalOBQralltlsfivirusaS)  8?  vifi^uivjnaithar  eaysad  .a.  fabrila  nor  i-lathal,. 
rasponso  in  geilnaR  pigs,  'tp  this  host;  tharafwS/  EP  vtru^irss  suitabla 
only  for  limitad  visa  as  a  yiva*i«iBainltlhg  an^jpljf^‘ .-Hleaj#s^  usad  fpr 
tasil  in  which  it  iWas  naib^sary  to  aaploy  8F  yirOS  its,  a'^atRal  aganti 
Thasa  sttidlas  ara  i^lacu^/ad  balow.  ,  ^ 

!i  ,  ..  0  . 

B.  UMUNIZATIOR  wi^  ATTBHUAMD  VEB  VIRUS 

o  .  .  /■'-..'y  ■* 

A,s  in  Tab'la  I  (IIms  5  ai^d  6y,  guinea  responded  to  tha  IF 

or  SC  aoaintltratioi^  of  lO^*^  MICIJ)30,  or  to  an  tflfroaol -axposura  to  10^*^ 
HICL&50  of  9t,  by  ahW(^ng  only  a  febrile  rasponaa, ,  These  anis«ls  ware 
found  subarquantly  th  ba  inoune  to  chA'Ilangaa  wl^th  a  large  lethal  doae 
of  tlia  virulent  hono),ogoua  strain.  PES'  challanga  failed  to  elicit  any 
clinical  signs  of  illVtass  when  edminictered  by  either  the  IP  or  raspira-' 
tory  route  (Table  1,  linea  ?»,  8a,  and  8b). 

Irsuniaatlon  d£  guinea  pigs  with  9t  altered  significantly  the  course 
of  llUieea  after  a  challenge  with  liL!K  virus,  Anoag  unlv.uimluad  control 

animals,  72  per  cent  ('i\6/36)  showed  a  typical  dTpHAsic  febrile  reBponae' 
and  succumbed.  Only  14.2  per  cent  (5/35)  of  the  animals  loBunlced  With 
9t  showed  a  diphasic  febrile  pattern  and  pnly  5,7  per  cent  (2/35)  euc- 
combed  CTabie  I,  line  7&),  Approximately  68  per  cent  t24/35)  exhibited 


a  GinglG  tCitsparn’-uro.  elevation  and  17.1  per  cent  (6/35)  showed  no  clinical 
,Bif;no.  This  modified  effect  was  fonnd  to  be  sof e -prhnouticed  in  the  9t“  .  , 
it-Eunizeri  anir.ala  (line  7c)>  which  bad  reeolved  a  seboi-.d  antigenic  stimu¬ 
lus  In  the  form  of  a  challeo'^e  with  the  virulent  Ppa  prior  to  a  ohalLenge 
with  KEE  virus,  ■  .  , 

ItncvuniKatlon  with  9t  by  the  rBspiratory  route  (line  3c)  produced  essen¬ 
tially  the  saiiie  modified  affect  on  EEE  virus  disease  as  when  the  IP  or  SC 
route  was  employed.  In  this  case  as  well,  the  result  was  the  conversioa 
from  a  lethal,  diphasic  febrile  response  to  a  nonlethal  iaonophaaic  febrile 
response. 


I^lnun^^ation  with  9t  also  protected  mice  against  large  lethal  doses  of 
SF  virus.  vThe^e  data  appear  in  Table  II  and  ar^  discussed  in  ^eatet  de- 
tail  in  the  section  dealing  with  the  InDRintzation  to  SP  virus. 

Other  data- reflated  to  thQ%e  presented  above  but  not  shown  in  Table*' I 
concern  the  ^response  of  monkeys  to  a  lethal  dose  of  VSE^  vtrue  after-  la- 
munixafcion  by  tha  ^asplrator^  route,  ExFoeure  of  these  iniaala  -^s  jsert^olg 
oF  =MICIli50  of  ther  9t  strain  afforded  complete  j^otect  ion  "against 

"lO^**  MXCIDjq  of  a\lathal  vn  attain  (CSS)  given  inf  racerabrally.  Nona  of  , 
t^e  ofour  stonkeys  treated  in  this'^aanner  succumbed'".  In  contrast/:  two  un> 
vaccl'^tad.  nontrbl  monkeys  deyeIoped'~"illnese  and  died  within  seven  days 
-poet -challenge.  ^  « 

V.*  r  ^ 

cC“.  MOmiZATK*  WITH  BEE  VIEUS/^  ^  „ 

OuIm*  piga  t^re  icaeinlsed  with  EES  virus,  edainietering  large  but  v 
monlathal  doees'df  virus  by  the  IP  route. --This  wee  followed  by  IP  cheic 
lenge  with  tha  virulaht  Vtt  virus  eCr^alBoand,  as  eaan  in  Tab  la'  I,  line  9,^ 
resulted  in  a  febrile  response  without  "lethellty.  ^  " 

.  ^  ^  -  •>  w 

D.  I^KUHIZATIO^  WITH  SP  V»US  - 

Ae-lndlceted  earlier,  lArge  doses  of  SF  virus  by  the  IP  route  felled 
to  eljlcit  any  detecCAble  clinical  response  in  guinea  pigs.  As'dl'iowr.  in 
Table^ I  (lines  lOa  and  lla),  one  injection  of  10^’°  K1CU>3q  also  failed  to 
protect  these  animals  against  minlmsl  lethal  doses  of  either  VES  or  EBE 
Virus,  A  second., .in ject ion  of  SP  virue,  inb^ever,  elicited  a  slight  degree 
of  resietance  to  the  heterologous  viruses,  manifested  by  a  reduction  of 
the  mortality  rate  with  VBE  virus , from  90  to  20  per  cent  and  from  60  per 
cejTt  to  no  deaths  with  BEE  virus  fcllowing  a  challenge  with  a  low  dosQ  of 
either  agft nr.  (lines  1,0 h  and  llh). 


In  Table  II,  the  results  of  cross-resiarance  studies  between  SF  and  9t  , 
in  mice  and  guinea  j>lgs  are  compared.  As  mentioned  previously,  the  fact 
tf/at  SF  yinis  elicited  no  clinical  response  in  guinea  pigs  necessitaced 
theuse  of  mice  as  hosts  that  could  be  lethally  Infected  with  this  agent. 


Mice  Itranunized  vith  5t  were  protected  solidly  ar;ainfit  10°  VilGLD^O  of  SF 
virus  and,  despite  the  poor  i'jur.ur.ogQnlc  roaponse  of  guinea  pigs  to  SF 
virus,  it  was  possible  to  dcnonstrate  that  they  wcru  pfotoctect  against 
approximately  ICO-fold-graatar.  VEE  virus  challsngo  than  thu  noniTTdi.'uniiuu 
nniials,  . 


TABUS  II.  CROSS -RSRISTAKCB  IM  MICE  OR  GUX^rEA  PIGS  VACCiNAIEi)  WITH 
ATTENUATED  (9t:)  ^ES  OR  SP  VIRUS  TO  VIRULEhU:  VEK  (FES)  DR  SF  VIRUS 


Titeir  exptes-sed  as 

^50 

o 

Challenge 

Virus 

SP  Imnjunized  Nonfrm'.unized 
Guinea  Plgs^^  Guinea  Pige 

9ti  l!®rap.i2ed 

i  Non- 

iixnunized 

Mice 

Protective 

Index^' 

PES 

7.3  9.1 

1  ® 

SF 

r  •  '  -  V  •  '•* 

•-> 

X.l 

e.2 

6.1 

^  ft 

a.  lanunlcation  waa  two  doaes  of  10  *  MIOLD^q  given  intraperUtoneally 
aevan  daya  apart.  One  ddae  felled  to  elicit  any  protection  againat 
tha  challanga"  vlrut .  ^ 

b.  lawnizar.ion  doae  waa  10'^'^  RlCii55Q  given  intraperitoneallyf 

c.  Diffaranca  In^nuaiber  of  U)5()  resisted  by  inmanl^ed  and  nonloiBunized 
sniaMla.^. 


E.  TIME  OP  ONSET,  LEVEL,  PERSISTENCE  Og  t^*NlTiy  INDUCED  BV  9t  IN  MICE 

At  seen  In  Plgure  1,  24  hours  after  the  IP  adlainistfation  of  9t  to 
mice,  reaiatince  to  VIE  and  EEF  viruses,  given  aa  IP  challenges,  was  well 
developed.  EaBlatance  to  EEE  virus  remained  at^epproximatcly.. the  same 
level  until  the  seventeenth  day.  Subseciuent  rests  not  represented  In 
Figure^  1  Mave  revealed  chat  this  level  of  resistance,  was  present  also 
at  day  60.  Reaiatance  to  VKE  virus  increased  to  a  state  of  m^ximuin  im- 
Bunlty  by  day  3  find  was  found  to  persist  at  least  ten  months. 

After  IC  challenges,  resistance  to  EEE  virus  reached  a  peak  at  day  3 
and^  rVaviined  at  approximately  the  sane  level  thereafter.  Resistance  to 
VEE  virus,  hnwevsr:,  which  equalled  that  of  EEE  virus  at  day  3,  rose  sharply 
to  a  peak  at  day  5,  at  wblch  time  the  level  of, the  resistance  to  the  VEE 
challenges  made  by  either  Che  IC  or  IP  route  appearetl  to  be  nearly  comparable 
A  peak  of  resistance  to  vaccinia  virus  was  attained  at  day  3  and  was  followed 
by  Q  oharp  dacltno.  Hocuune  vaccinia  wau  nonlcthal  by  othor  than  tho  IC 
route,  no  attempt  was  made  to  study  Its  infeotivlty  by  perlf-heral  routes  in 
mice  Immunized  with  9t, 


^  ^  IV.  D-ISCUSSION  ' 

A  consideration  of  the  current  evidence,  together  vith  that  presented 
previously.®  indicates  that  thn  phenomenon  of  cross-protection  among  VES, 
EEE^  and  SP  viruses  can  be  induced,  in  a  variety  of  laboratory  animals 
aEtar  inBauniaatlon  by 'the  IlP,  SC,  or  respiratory  route.  The  cross -protect 
was  reciprocal  among  the  strains  tested.  Conceivably,  immunization  with  a 
live-virus  vaccine  prepared  with  one  agent  might  be  expected  to  elicit  a 
durable  protective  effect  fhat  may  reduce  tiie  virulence  of  other  infectiou 
agents  within  the  group  A  arthropod-bornd  viruses.  This  seems  especially 
pertinent  in  view  of  a  recent  communication  by  Allen/  who  suqcessfully 
protected  mice  agaln"8t  a  wide  variety  o?  group  A  viruses  using  a  number  of 
selected  viruses  ad  inmpjnizing  agents. 

V  A#  tnlghC  be  expected,  however,  -the  differences  among  the  levels  of  the 
protective  responses  were  found  to  vary  depending  upon  whether  the  antigen 
%  vlreJL. challenge  aystem  was  homologous  or  heterologous.  Immunized  animals 
were^  capi^le  °pf  withstanding  faj  greater  challenge  doaes  of  homologous 

thfn  of  heterologous  virus.  "In  cases  where  Tethality  did  not  occur j 
thir’ciwld  be^  read! ly  demonstrated  wheji  the  febrile  response  was  used  as  = 

-  an  indicator  of '  Infection.  For  example,  guinea  pigs  that  ^ere  “immunized 

9t° antL challenged  witK^a  virulent  strain  of  VEB°(reS)  failed  to  show 

-  "  ahy  detectable  evidence  of  Infection.  In  contrast,  when  animals 'Immunized 
••  with  ^ft^-were  challenged  with  ESB  virus,  a  limited  infection  ensued.'  A 

aemephasic  febrile  reepenee  that  occurred  .shortly  sftet' challenge  usually 
zepleeed  the' typical  diphealc  type  of  response.  Febrile  responses  were° 
also  found  in  sn*vaccinated.guihea  pigs  challenged  with  VSB  virus.  ^ 

o  -  '  *  .  .a.  *  .  .ti  ' 

C  ^  "  C>  o  o 

pifferenees' esKtng  the  levels  of  immune  responses  were  found  to  be 
dependent  not  only  upon  the  agent  employeiii  for  challenge  but  also  upon 
.  different  h<'°^*ctive  mecheniB^ma  that  were  atimulefed^n  the  host.  .For 
example,  the  date  obtained  by  challenging  mice  at  various  intervsls'post- 
vaccination  with  9t  cuggeet  the  presence  of  af,  least  two  mechsnisms  of 
resistance  that  operstad  in  sequence.  One  of^the8e,  a5  nonspecific  re-  '  •> 
slstence,  which  ouy  be  similar  to  that  recently  described  by  Traub,® 
appeared  to  be  largely,  if  not  entirely,  respofisible  for  Che  resistance 
of  Bice  to  VBS,  BEE,  and  vaccinia  viruses  during  the  early  post-innunlzat 1 
interval.  This  it  most  clearly  detbonstra'ted  by  the. response  of  iaxaunized 
eniaalsto  s  challenge  with  the  completely  unrelated  vacblnla 'virus .  Mice 
resisted .^thls  virus  most  successfully  at  day  3  and  Chen  showed  a  rapid 
.return  to  susceptibility,  ^hls  may  be  due  to  the  presence  of  a  highly 
avirulent  form  of  the  imnunlzlng  virus,  which  has  been  detected  up  to  96 
hours  in  the  brains  of  9t-lian»inlzed  mice.®  Such  a  particle  may  have 
blocked  attachment  sites  and/or  elicited  interferon-like  substances  that 
were  capable  of  imparting  a  protective  effect  for  short  durations.  The 
nocond,  a  ojwcific  rooiotnuco,  v;ou  mont  ruudily  dcuionotrQtGd,  atari Ing 
after  48  hours  in  the  case  of  an  IP  challenge  and  72  hours  in  the  of 

an  IC  challenge,  at  which  times  the  resistance  of  mice  to  VEE  virus  rose 
sharply  to  a  degree  of  maxioutn  Innurolty.  This  rOughly  coincided  with  the 
detection  of  specific  neutralizing  antibody,  ^Ich  has  been  observed  five 
to  seven  days  after  Jzacclnatlon.^ 


That  portion  of  the  second  jnechanlsr.  that,  was  invoived  in  the  pefsis* 
tent  resistance  to  FEE  virus  is  the  least  understood.  Early  pOst-vaccinal 
•fesistance  to  this  virus  was  dentcnstrable .  However,  after  the  third  day, 
unlike  the  pattern  o£  _i'esistance  to  vaccinia  virus,  which  showed  a  decrease., 
or  to  VEE  virus,  which  showed  an  increase,  the  resistance  of  mice  to  EEE 
virus  persisted  at  a  constant  level  in  the  case  of  either  an  IP  or  an  IC 
challenge-.  The  data  suggest  that  ^  partial^  specificity  was  iftvblved, 
since  resistance  to  EEE  persisted  beyond  that  of  vaccinia  virus.  Moredver, 
the  fact  that  the  level  of  resistance  to  EEE  did  not  vary  after  12:  hours 
suggests,  in  this  case,  that  a'  single  persistent  mechanism  may  have  been 
responsible.  Previous  studies  have  failed  to  disclose  any  crdks'-neutrali'^i^ing 
antibody. *■>  *  Possibly  a  nonlethal  oparticle,  biologically  similar  to  'the  .y 
provifus  postulate4  by  Traub’’^  may  have  established  a  ’'e6ll“''a8»ociated'\'; 
crbss “resistance  mechanism  that  cannot  be  accounted  for  in  terms,  of  circu¬ 
lating  aritlbbdy  tfut  is  readily  ^demonstrable  updh  r  challenge!  with  heteroio- 
^ohs  virtjis.  In  such":®  situdtidny  the  live -immunizing  virus  itself  raigh# 

'  betooe  latent  ly  established  within  atrateglcaily  located  cells,^  t.e. ,  °cdlls^ 
tbit  ,^lghL:  be  within  the  normal  llne“  of  attack  by  the  challenge  virus  but  ° 
profited' by.  the  "cell-aasoclated".;particie^  . 

^°=The  ptssaibillty  oexists,  however, « that  shortly  after  a  heterologous'^,  . 
"^challengf ,„an  anaamestlc-like  response  similar  in  character  fq  the  cross-. 
"HAI  ant ibodies^deaonstrated -by  Casals*  was  invoked^  in  fanurilzod  ar^imals.  r,„ 
Fbr  example,  as  aihtioned  above,  EEB  virus  disease"  Appeareci  to' have^^becn  . 
initiated  successfully  ln°gulnea  pigs  immunized  with, “9t,„ but  the' disease  . 

Wfs  terminated  soon' after  the  first  temperatui-e  elevation.  Tha  later 
second  temperature celevatlcm  that  uaually^fol lowed  In  the^irhlamunized  „ 

..  animal 8  was  absent.' -  This  could  Ind^lcate  that  9t  may  . have  ilonunizad  the 
^Animals  so  that  their  antifcc^y-produclftg  c^ellr-may  lfave  beepma  ’’j^'e^,  \  " 

conditioned'^  In  such  a  manner  as  to  prpduce  rapidly  KZ  vlluifc^atitlbody^.^^^  •> 
upon  challenge  with  that  virus.  ^  .x  V' 


utt:,  ‘  V-.-  -N  Q  y 
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